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ABSTRACT 

PURPOSE: To provide a- method for producing a low m.p. metal product, by 
which e.g. net-shaped formed product having excellent mechanical property 
can be produced in only one process without needing the extra labor and 
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screw cylinder devices 2, 4 and successively, injected into a cavity 64 
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lowering to the forging temperature, the pressure of plural number of rams 
71, 72, 73 is suitably changed and the alloy is forged on the dies 61, 62 
to obtain the alloy product or a metal base composite product. 
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A low m.pt. material is melted in vacuum or inert gas for impurity 
removal and fed with additives into a screw/cylinder unit (2,4). At a 
temp, between the solid-phase and liq. -phase lines for the material, 
the screw (2) is driven to solidify part of the material. Shear action 
is used to crush and granulate the arborescent crystals generated 
. during solidification to produce- thixotropic, alloy or additive-mixed 
alloy. The resulting alloy is introduced into a plunger/cylinder unit 
(5,6) arranged in series coaxially with the screw/cylinder unit (2,4), 
and then injected into a cavity (64) by the plunger (6). After the 
injected material has solidified and cooled to the forging temp., two 
or more rams (71,72,73) are caused to produce desirable varied 
pressures so that the final alloy product or metal-base complex product 
is obtd. 

Materials of bar or pellet type are melted in 1-50 Torr vacuum and 
removed of impurities before casting, preventing material oxidn. 
Recycled materials contg. some deg. of impurities may be used. 

USE/ ADVANTAGE - Used to cast low m.pt. alloy prods, of e.g. Mg, Al, 
Zn, Sn. Microcavity generation is prevented owing to pressure 
application to the thixotropic alloy material airtightly constrained. 
Application of varied ram pressure from rams facing mould cavities 
brings improved mechanical properties to the final prods, e.g. 
net-shape or linear-net-shape cast prods. 
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ffifc«-3rt:*>tc. — <K*M'-S'*2 5l*Ji:K23t8 3F*J 
10 ti. 0Hm#2 8£W^S«tt2 7TjIiI$*l-CV>S. 
[0015] i£&lffl»#*^a4 012. jJSJlflijjMaftSfl 

«y ^-4 5 t . mmcr>mt&m.&mm-r&wuf 

*yM4 1 frho&zixhmmzmk* &x? 
3yi j r4 2tfrt 3 mtomis.2tix^h. -<K;tw?4 
sit. *nmim£&m*m&&to4 6£ai.. twz 

ttBHS§#4 9a^t£,;h.THS. .T0)gBm#4 9£BI< 
9— ifcfcv^ 54>offi;&n««£~itefc«y/<c4 
1 fc^f « Zbii t X"& &. — <5Ctf <y'*4 5 i: KSffi8 
20 3{i^»4 7T'»a$<l-CV^S. •eLT'§B4 7(;{±iH 
m^4 8*»tfttt^>itTV^. A?V jL*7ZJy^42(T) 
m&*8UZ.\t. tt«&«4 3^)-^«^»Sn. *LTfl& 
U<n&8ltfSs U 4 ^H^JRflnttfltlSBHPSJ 1 0 
«$<1.TV^. ,I(?)X?iJi3>^4 2li. ^E-^4 

[0016] mziMswmmzx n . im^sum 
kLx-?7*-i"*j*-&± (az9 id) -f-uxaain 

flut LT«ftS*S i C LTJSJ&ftS-Sit*- 
30 S^aHB-f"*. i&T. i!£!llI«!«l&^4 0iOB3m#4 
8. 4 9. $Mfi^tm«tt$gS2 0l)flflg!&2 9. 9 
»2 7<?DBHB!#2 8J3 itXT-^^^V-^'J >-r 5<0± 
#7$:fflt*. ^S^a6 0^ + b*^6 

4 Sr«2gfc:^-4«§|«»6 6<0f-x y ^#6 5 ^IBtT 
fc<. tTR2^>'7-8 2Srj8IH-S. -fd-TSt 
S2II8 3 l*tfi. 1 ~ 5 0 TorrfHSOJSfflKfcftJtft. 
i. L/i*»oT. C<0«ffiffi8 3rtfc:SBPLTV^^y 
^4. r^^t-yyy/S. J8IIMF2 1. 
•y>'<4 i^kort»«,rat«ffiStfiysixs. 

40 [00 1 7] ifeWh«l&SiB4 0<0-iJi«-vyy'«4 5Wrt 

iJC^-yy<4 5tC««&^-i. actC-<JC*v/<4 5*S*4 
6T?RHL» §HHI#4 8£H!<. — iJciJ?^ 
^4 5<Orta5taffitC*«. — 3C*-y>*4 5<0BH»#4 

W^4 ltd**-*-*. 0r««»iSLJt^-<>:*-y^4 5 
WB0!#4 8. 4 9^B!tr»:OKfl^«»5|5Tfl>«|ft 

ccfliii. matz. SM^fm«^ss2o<D-%x 

50 hl/-V2 5«MStt. K3Sli8 3<r)rtaii:2SCE«fc: 



<7) 



1 1 

6. ifcfc-<KXhW-;x'2 5££«c2 6TfcB!U BBS 
#2 8SrBH<. -iXXM^-i^ 5«0(*i3t 

tS^tC^i. &IHF2 1 £*5r-?TV»&UBHg2 9£ 

-i?2 5<0BHW«2 9S-B!t. 4?t«»2 7<0BBB!#2 
I. 

[00 18] ijctc. *SMF2 l<7)ffitat-^24i:^^ 
y^v-3>'t-^2 3ttia«L, 7/*y>>i>fyrf 
•yhG. G„ •••$--f-<0«^J:OSft5 — 2 0«i«V%ia* 

v>£v^*i^A^J:9JtS<0/|N?Vwf:ttW±. Ha 
xfc=5ro-t#±U JfcTtJtfico^^TOfi&fcfc^"/^ 

*P2 1 <r>&&Z OW^SffilBtcBBPLT^**!!^ 

[0019]-*. K<fcitsB«5RTii. ssanmrtSi&iSK 

-f4 9fcWfcf60W$fl**#{IW&W4 3. SJg 

mmmmn&i o^mtx^oy^Aizem^ii 
sjT^i/^^Az 9 1 D^awisiaflaREu 9 

0«&_t. »ffl«iflS«ft5 9 0SmTtc<imiH-&. * 
3LTs x^'Ji>>2«-5feSg4tif L3t«t«rE«6«aB 

[0020] A&Mt* 9timmto*rt& 

^y^4rt«-7tJea^i:jS4>ns. r?^>-^'j 
>y5<mmiii m. ifc#7THM3ivo>4*>T\ 

[0021] iKfcitas • # aj« 1 <nr*? u ^ 
ranswc**$-frT. staj?Li ifcx7-^-6 3fcea 
K#E=5r*fcfco fc^Tx ?va>>2 <o*fciS»fc 
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1 2 



6. fcWC. ®§l«IB6 6<0^x-/^#6 5S:^. * 
•\'tff-r6 4rt£fi2tc-r£. * LTiT<=>£it#7 £G?J 
V^T«aft»B3 fcJ: 0 75yyt- 6 £ft*4 m/s e 

10 A^&Ut. T9>'>'>-^U>'^5rt*»/i,it#7*jJ:D f 

[0022] t x'f 6 4 

yyyuxi&nonx'f >7J*7 2tzfcfj&irtt. * 

^*««ffl(Jt«L^4h^»try^-7A7 1*«T»L. =¥ 

^t'T-'f 6 4rt<7)-7^^»>A^ti. «H5rra-ct 
[0023] i*?fc:«@^7»$ ^tcTSLajgtcaijj 

S:SJK8!ft4 0 0—4 5 Ojfcfcjt Utter ? ^-5^7 
ltcfiyj*jW5ra*i^ ^^y5A72«£EA^tt<. 

^tt, Ji^r^Lai?^, 77^-5^7 1 

^T&S. «BtUTV>£#JaUi02lCin§*tTV^. T 

-T. =S:*J. *ttr>( 6 4$-af««®fc:L-cr5V>'> 
30 -6. ^-f 7 »^-7A71CE^i*» 

ft- **t-r4 6 4rt<Ov^*^A^^55£fc:<BH 
$ ^ i: t * . ^ii^J: 9 rtgfc* -v h'x-f <0fi&6 

72. T-y'*-7J*7 l&&trr : 7>' t J-*—(><7>Eti)*: 
ft*. DT-5^7 3aJt{±y y^T'>h9ASr±#S 

[0024]|gttWl : TfTKOT/PS-^A-^ (A 
DC1 2) -fyrfyh£-««UT-fXhS-4To^. 

AL Ba 1 

Si 9.6/12.0 

Cu 1.5/3.5 

JJE-r A NT/PS -^A^?: . H 1 ■ If Si 

«r&a*>** t'^r-f 6 4 tcwai L-cfcWRsrcr 

-^X.7 1T600 N/mra»«ffiJji*>ltft«8t« 
WttSA ( b > *f$fc. ifc. CO«JIM(»/?>^ 
^b'x^6 4<0TA'S-'7A^<0ffl««:T»f. «ft4 
8 0BTO>f y9A7 2<0E*«r«tS. x^vuhftfc: 
50 <t Or 7A-5A7 1 frT»f . >!f -yT«0«ii^&ft 



f 



(8 

1 3 

(c) stai^)^'j>^4<oias«, a 

JS83ffi§£88. 8. -TfilR:5 9 0*r5X - Vf-^X 
8?ft2KtcSi|»Lfc. «2»8 3«0F*l3I£2 0T 

(c) $-&ft4 8 0jBrc»<Mfc«yiu Sfti 6o«r 
( b ) . ij vTVxn&i&sma, ( c ) tojLV*&m& 

(d) ^ISgBafcttl^frxXhUfc. -?-<Dt&*£E!3 
tC&Wta' . b' fcit^d 1 T*tl-?tU*r. ifcifc 10 
«*>*;#>{cg£«8 3*>rt3B£;*dSEEfc: LT»iiJj£JB<0 
^■C^JRa (a) £?#T. l^tKfcl^X h Lfc. *<0|&8I 

[0025] H3*^Bg^,A^J: 5tc, K£1*fflS**-e 
ttftf&J& L . fflM&Tlz* b'-f 4 6 4 £• a3J!#S8fc: LT 
77«-7A7 1 T*$^£E**lni-C«i§LfcS6«» 
ft (b ) t±, §IS15fiJKtfW«.at#$ixTV^. 
t*tf»<ft ( b ) S-«iStotTfi4>;hJt;*<yrtt<0«ii 

fiy^ft ( c ) a xvmsm& < d > emmmmt* - 

0 . ff-f 6 4 fcr»aj Lfcor, TVt- 

^2ll»®^fc:r 7><— 7 1 T*S frETjfcflOifc 

£*u » 3 tc«atr * ztizxn t&mommtt 

J: y * r h*f 4 «raFLic«-fk* { 

[00 26] 

[ mi<?>m&1 ULt<o «fc 3 tdftftfl 1 fMfooSMHfc: i * 
. fc«f4*<0«lttjS^iWS«- 1 - 5 0 T o r 

t. &preM**tryiM ?Mm**tmr*zki> 

iiS«ot\ t&fco J: -3fcfltt.tr 4 htrWMmizlm 
AifcJ±*fUI«^«fi»Hit«ja^-4 z fc i . 

$ 6ictt. x? y - s^y yr««cf±aatfnt,«& 
^'Ji-> • ^yv-jwrcwisft.. -e-LT^abwx 
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1 4 

*t*>*>8Btf>*ro£ g WfcJE fC '»W £ £ fc . 
4 Jt BWtcJC tTfiJSn >- h n-/u$-f S <T fc iT£ , 

Ofc*&. ?£fctt*SHJW;:J:Sfc, Stajlir^xV 

7 'J ^fc^faCSBt&LTItai^&fc. yijy/wrt 

^IKO«flKFS*<t < tt him L&t>til> . 
1 0 0 2 7 ] mm 2 14* 3 ie»tf>B9lfc: «fc S i: . 

aJii^Ji^^fe^atASrt^l—SOTo rrt 

^ttfflr«lftS#i.£<o'C, y jl«7 • s/y >rsia<o 

mi 0&j(&cr>mUz£i>t. i«*Jfflie«<05HBCJ:o 
— i ^y^rsia<or7>-i'>— . ^Sio^f A-t'f-f 

50 [02] ^^^oKjasaioiutei^^-rtar, atai^ 
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I 5 




1 6 






2 1 maMr 


4 0 














6 0 £3? 


64 










i 9t& • ma« 


2 


7 0 S^y'J^r^I 


7 1 












5 


72 ^>fy?A 


80 












20 


8 3 scs» 






10 







[HI] 




( 10) 
[03] 
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[3M£«uES] 

[ISJiiB] ¥1*5^9^1 3B 
C f tSSIiEl ] 
[?fiE*t$3&&] 9»e* 

[ffiIErt#] 

cm^js 1 1 »^x<±a««o««u^«s«$- 1 - 5 

OTo r r<0S2£E«*»XJ±^JStt»IB«4»T»JIILT^ 
3(2.4) fc*fc8an»*«*&U S?i2<£ 

L?t«t«Ti?£^^y a>7 • i^u vrssM (2, 4 ) <o 

(2) Sr«a»LTItiefi«jS*»BR*-» 
0 ( 2 ) StT^^**- • 5/0 vrjSB (5,6) 

i^^yy / (4 ) to*&Btti<o*m±L. <x 
v^Tiifier? • i,\y yy&w. (5.6) <ot*5 



( 6 ) CioTM^+hr-f ( 6 4 ) ^« 
[*R»IE2) 

[«jE^ms»«] mm 
imjEMSLmmzi 0004 

[hewsi 

[00 04] $£>C(i, ift&^;fciKfc:ie»SftTv>S» 

sbf&Bat . 'Jtmaffi&m - s o a 83 o#(cgn^$ 



I 



(11) 
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?S<o^^iiAWl5Hfc:t,^S. ifcmr^«om^P2 - 1 
5 6 2 o-?(32S/*y hnVSi&Ztgm-hZttfT 

*>*>-$\ tffaJLfcv-^y bW~&&£nmffiA&lz 

iw&itM&mz] mam 
imijEMmmmzi ooos 
immyrm: sag 

[0006] 

•r s/iy>tc, »«xt±««<ofi«^aiHS* 1-50 

Tor r^S2ff+T»»UT^I««lS-H}*L^». 8 

^y^ • isv y-r&&tzmKrttb&tz& 

-areas*, uw^^^i-immt&imn^m^ 

y vrsih mHZ&tzmmtzSMZtitzy? vs;t- 
• ^y^SSBfc:*AU 3&K.*?y < 2) fcr 
9 • y'J >-^S» (5.6) ««8Bfc:»Lo»t 

^ (4 ) rt^i£ie-rfto£B&jhu KwcmEr?:^ 

a* — • i/>J yV&Wny? yiS^-tzJ; oT^SiOJf-v 

S*r- • y y ynHW^'J ^^rtk . 1 ~5 

OTo r r OHSff K LT £&tfcft i 



tt. Uat«(^^^tl.*^ttS5, *>&l^i28J3Ui<oiI 
aWCUMW* J: 3 ttMtSJtt . HWW 5 ie»fiD« 

jtKafcnJS-rs^awi. «»£&«sfB£?-?yhoe 

ft£*uttt#£-#ffi-r*r5v^>- ■ i^y i^rgSi: 

a^o. ma-r^yis^—- ^vy^mut, fine* 

&h.«x?y.x? • isv>rsatt* ux9v**> - ^ 
y yy^trcn^tih f?yhD v—Ak<r>^&itzi,tm 
mvm^^mta-thyyy^-r- - >v yr&m. 

£S3SBfc£«£. *Kt<fcii*ie»IMFtt. 1-50 
Tor rwftffiEETtcEaSii-Cv^k^fc:. B9iET7 

• ^y vrsatt. inex^u a«7 • ifvyr 
SBfcftttG^fcitfltcEBSiiT^*. -eLTUfcfcJl 

Ws\)>ir\** Sft6 2 0JSET-2 5 0 0Kg/cm2^ 
£E^3»CifiS>f V=J^7 1 8^f<0N i S^^*»4>m 

- • yym&vy^yi/^-u, -^-^ 

u^^afc. y^y^-r- ■ ~/*)yymm±m&&K. 
t=iffiwcEB$*u v-u^^aw^ 
^ y staji^fcifKT-^ yyt- • ^ y vr^a 

ar5yy+- • ^yv^awyy^rrtfc. m 
y y jL>7t:H^«fc:» 

issn-cv^^y^rttxr^ Haufcoia^ttawHttSit 
mc9 i ie»o*atc j: o . y^>- • ^ y > 

J:y, 9taj ? fut f- ^ y h □ tr- i Mimm 



I 



[*«*ijE4] 

[*IIE*r*JSe*] 00 10 

[«lErt£] 

[0 0 10] s/!/y/4«- 3ri>%IBtrcfct7?>'s;i 
2&tiSx.X^h. f Lt;«77>y 1 2t77y>'> 

>r5it. 8Sff;6 2 0«T2 500Kg/ 
cm* <OE^3tCWi4ir-f^-/ h7 0 0 (Ud i me 
t 7 0 0 ) . >f -yn*>l>7 1 8l?£>-y 

X v 7 4 T-tffftZ tlX v . 
[#I8»jE5] 

[»iE*reyiB*] 0019 

[«IEl*l£] 

[0019] «<fc3*»*Tti, &&nft$fe£X 

4 0«0~<J:* yy<4 lfclStt<i>ilTV^O-^U-7^ 

-r4 2 tcij: •3a«jt=iw»$nfc*&»«is«4 3 . mm 
mmmzmn&iozatxis'jyyAiztmzti 

KS7/+^7i^AZ9 1 DOfflffilftiftS&tEU 9 
OflEULh. SfflKa«fi^6 1 OflEHTWWflWi. * 
X? 'J -7 2 5:5yS±T-#L^«/BT-0feSa» 

RMiE6 ] 

[«jewk«si«] qam 

[ttE»»SB*] 00 2 1 

[»iE^nj£] 

[HEWS] 

[0021] i«cAta}-roti«i<or?Vi^-s'y^ 

^5<0JtSS««-. Htrt:ffl}g&a6 10^rrt^6 3W 
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mamizmm^-tx , stain. 1 1 1 xr*- 6 3 1 s-a 

S. «gi«»6 6<0^-x y^#6 5S:BB#. * 

*fc*-7M6 4rt£«2fc-f&. -eLTil*>tCit#7SrBH 
^Tffi»i6a3 HJ: 0 6 Srfi* 5ra/se 

3ZM'>X*'rt'f-1 6 4rt(zata&*t&. 

[*e»lE7] 
[*|jEtt£«ffi«] BB«I* 

[»iEttaJB@*] 0023 

[*IIE*8s] $S 

[do23] a:rfc:«HssT»s ^TiaLsaatciUjj 

4,. *4 ^5A7 2<0BE*«-ft<. ZtilzZL x^/> 

^4«ffllia2fc^$*tTV^. T /VN-5-6.7 1 Sr± 

•f S4^«mtmtzLXTyy^s—6. *4^=7J±7 
2. lCE7j£a»t7\ =*^t*T-f 6 4|*J 

lfci^r^^^-v-eoE^J^ttg!. OT-5A7 3 

-r. 

[«jE^8»«] 
[4AiE^ftiRS«] 0 0 2 4 
[«jE^] 

[0024]|U6«1: UnEOr/PS-^A^ ( A 
DC1 2) 'f^yhtffifflL-C^hS'lt-JJt. j£# 

AL Ba 1 

Si 9. 6/1 2. 0 

Cu 1. 5/3. 5 

±&rxh7VP$-'7A£*£, aifc:^rita »aj 

«T&Stf>*A-t*7M 64tc»{tiUT?eWlttB-CT >'/'« 
- 9 J* 7 1 T6 0 0 N/mra? «0BE* fcWtfcttW 



(12) 



(13) 
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B?-e. wvma (b> i^:. c<7>«ss*>^^ 

* tx-f 6 4<0T/PS -^A^Oi&ftfcTtf. «ft4 

(c> stan^o>'jy^4<oiaK«. a 

J&33fif£B8, 8. ••TgJE;5 9 0«r5X-7m 
Sft2fft^HHtfc. i?t. S£»8 3<Ortffi£2 0T 

o r rKsi»LJt. staaKwu 77yyt-6<oa« 

(c) £«ft4 8 0«?**<fcSS31U 85ft 1 6 0 ST 

(b> . ^«j/rtt<o«Bijs?Rft ( C ) &£vmm& 

(d) W§l5SaiJgt^«-^hU7t. **>tt*£B3 
t*Sl>tb' . c' isXX/d' T'Ztl^tUfcT. ±7tJt 
8tf>fc*>fc*£f&8 3«0(*j^&^EtcLTttai«»<0 

$-a3tCti^ra' T^T. 
[«jE*t*JS@«] 0025 

[0025] 03 *»^BBi?>*^J: 5 fc, M£mB5L$T 
9tli!,f8ML. «HKMc^f+b'-r'f 6 4 ^ tlfWRJBfc: LT 

A ( b ) {±. 9l5g?jUS€#^taSt#SilT^4. 5 

*tf*itft ( b ) S:«ji2raxLT^^n«:*>yr«<o«ai 
inuBft < c ) axt/mfsma < d > nmrnmnu. - 

as l KK^^as^Tf-? y ho f-ttr;p s ~v 

AS-ft^, h'-r 4 6 4tC»ffiL>t*>T\ 

»2tc<gfflB*£T 7'<-7i>7 1 T**5fBE*^Jnife 

izmBEi o] 
[«jE*fcfc«B£] mam 

l«jE*f*JSB£] 00 2 6 



[flirts] 

[0026] 

[ 89T*)3!>*] Ohio J: -3 tzms&S l fea<0»BBtc J: 4 
fc „ W#± tc\m#<r)1BM)!i&BlBtmt: 1 ~ 5 0 T o r 

ILT^U -y MRt3lMtf-6£«tifr< . Sfitc^S 

A* ^tt^«3H«^«?«Mfc^«i&^i £ t * . 

x?y*9 - ^y^ymrcwftsfc.. ^-L-catajttx 

*«W(c J: * t atasfir? • £^ y >y&M<r>7 

^^^-tCi^TSfcttSiOT. «itf5m/sec 
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(5i)int.ci.s asoie^ /trtsa#-t fi msm^mm 

B 2 2 D 18/02 M 

B2 9C 45/50 9156-4 F 

C 2 2 C 1/02 5 0 1 B 9269 -4K 

1/09 A 



